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Atmospheric Propagation Branch (2858)

Presentation Agenda

• Who we are and what we do

• Advanced Refractive Effects Prediction System (AREPS)
• Overview

• Projects

• EM system database

• Terrain

• Environmental input methods

• Summary
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Organizational Organizational History

University Southern 
California War 

Research Division

Navy Radio and Sound 
Laboratory 

(1940)

Various Navy 
West Coast 
Laboratories

Navy Electronics 
Laboratory Center 

(NELC)

Naval 
Undersea 

Center

Naval Ocean 
Systems Center 

(NOSC)

Engineering and 
Fleet Support Activities

Naval Command, 
Control, & Ocean 

Surveillance Center
(NRaD)

Navy Electronics 
Laboratory (NEL)

1945

1967

1977

1992

While command may have changed, 
EM propagation research has been 

continuous over 60 years

1997
Space & Naval 

Warfare Systems 
Center (SPAWAR)
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SSC San Diego 2858
Atmospheric Propagation Branch

Core Capabilities

1. EM/EO propagation modeling of environmental 
effects on radiated frequencies from MF (100 
kHz) to infrared (300 THz)

a. Maritime
b. Terrain
c. Surface, airborne, satellite platforms
d. Spatially varying atmosphere and terrain
e. Interference/jamming with anomalous 

propagation
f. Ocean surface and terrain clutter

2. Analysis of atmospheric, ionospheric, and 
surface parameters

a. Temporal and spatial behavior
b. Joint probabilities
c. Statistical characterization of refractivity
d. Aerosol, molecular, and turbulence models for 

long-path propagation assessment.
3. Radar, communications, and weapons 

performance assessment 
a. Probability of detection
b. Probability of communications
c. Spectrum management
d. Climatological propagation studies

4. Surveillance systems and Strike Warfare
a. Infrared Search and Track system—marine 

atmospheric modeling suite
b. Models and simulation for target detection and 

tracking
c. Small boat wake detection

5. Combat Systems tie-in:
a. Radar
b. Communications
c. High energy laser weapons system performance 

modeling for ship self-defense
6. Mission planning tie-in:

a. AREPS (Advanced Refractive Effects Prediction 
System)

b. TAWS (Target Acquisition Weather Software)
c. JMPS (Joint Mission Planning System)
d. JTRS (Joint Tactical Radio System)
e. NITES II (Naval Integrated Tactical 

Environmental Subsystem- II)
f. Composable FORCENet
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Atmospheric Propagation Branch (2858)

Advanced Refractive 
Effects Prediction System

Current operational uses

• Airborne & surface-based radar probability of detection

• ESM vulnerability

• LF to EHF communications assessment

• Strike & electronic countermeasures assessment

• Early warning aircraft stationing

• HF ground and sky-wave assessment*

Provide an operational and research capability to 
compute and display EM system propagation effects 
over water, across coastlines, and over varying 
terrain, including range-dependent refractive effects, 
for land-based, sea-based, and airborne systems.

* HF communications implemented
Still requires HF radar threshold model
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Atmospheric Propagation Branch (2858)

GUI – model input/output processing

Atmosphere
• Modified refractivity *
• Gaseous absorption *
• Rain attenuation *
• Solar activity - sunspot, planetary K, solar flux

Surface – ocean & land
• Terrain heights *
• Dielectrics *
• Roughness *

EM systems
• Frequency
• Antenna patterns
• Etc.

APM

HF sky wave 
field strength

Propagation model options
• APM mode
• Data output
• Troposcatter
• Clutter

AREPS (RFPAS) – The Application

Propagation models (RFPL)

Climatology
• Ducting
• Sea-surface
• ITU surface refractivity
• Ionosphere IRI & PIM Troposphere ray trace

F-factor

ESPM2

Post-processing
• HF ground wave & sky

wave – combined full
field  

Displays

* Variable in range, height, and azimuth

NTIA - LF / MF

Modified Damboldt

Ionosphere ray trace

VOACAP

Includes HF 
ground wave
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Atmospheric Propagation Branch (2858)

Metcast

DoD Homepages

Public Homepages

CAAPS

Numerous Environment Data Sources

JAAWIN
Built-in Surface and 
Upper-air Climatology

Real-time local 
observations

Defense Threat 
Reduction Agency 
Weather Server
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Atmospheric Propagation Branch (2858)

Area displays 

Surface-search radarsNumerous Decision Aids

Height vs. Range coverage

Maximum detection/intercept 
range tables

Height-finder radar altitude errors

HF ionosphere raytraceConstant height and range displays

HF sky-wave and
ground-wave
communications
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Atmospheric Propagation Branch (2858)

Internet: http://sunspot.spawar.navy.mil

AREPS Help Opportunities

Context sensitive helpStep-by-step help
AREPS on-line help

Status bar

Message bar

Tool tip
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Atmospheric Propagation Branch (2858)

AREPS Projects

• Standard

• Research

• AREPS “Lite”

• HF communications

• Troposphere ray trace

• Ionosphere ray trace

• Automode

• FalconView

• Broadcast (FY07)
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Atmospheric Propagation Branch (2858)

Standard project

• Asses radar, communication, 
and ESM systems upon platform 
for frequencies >= 30 MHz

• Range an bearing dependent 
atmospheric conditions.

• Terrain from DTED, SRTM, 
or custom file.

• Surface (ocean and terrain) 
clutter; troposcatter; gaseous 
absorption.

• Numerous data display and 
output options
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Research project

• Used to exercise 
propagation model without 
need of EM database. 

• No specific system 
performance thresholding

• Reads environment from a 
file created with the 
environment program or from 
data entered into tabular form.

• Reads terrain from DTED, a 
custom file, or data entered 
into tabular form.

• Reads wind from a custom 
file or data entered into tabular 
form.
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HF communications project
• Used to assess HF sky-wave 
in both area and point-to-point 
display (currently uses SSC SD 
HF field-strength and noise 
models)

• Used to assess HF combined 
sky-wave and ground-wave

• Propagation loss, electric field, 
signal-to-noise, received power, 
terrain masking.

• Adding area and point-to-point 
VOACAP modeling - FY07

• Reads environment from a file created with 
the environment program and ionospheric 
data obtained via AREPS homepage or 
keyboard entry.

• Reads terrain from DTED or a custom file.
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Atmospheric Propagation Branch (2858)

“Lite” project

• Uses F-factor
propagation model (no
terrain)

• Surface-based ducting

• Evaporation ducting
from surface observations

• Surface observations via
files from meteorological
sensors
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Atmospheric Propagation Branch (2858)

Models
• Jones-Stephenson 3-D ionosphere

with geo-magnetic field

• Parameterized Ionosphere Model
(PIM 1.7) and International
Reference Ionosphere (IRI)

• Future - Real-time observations

• Multiple azimuths, elevations,
and frequencies

• Ray display - elevation and azimuth
• Plasma frequency contours in

vertical and horizontal planes
• Contours of F2 and E region

critical parameters
• Frequency homing
• Ionogram

HF ionosphere ray trace project
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Atmospheric Propagation Branch (2858)

Troposphere ray trace project
• Snell’s law small angle 
approximation modified for 
range and bearing 
dependent environment and 
terrain.  

• Uses emitter from EM 
database or data entered 
into window

• Altitude error display with 
variable height increments.

• Reads environment from a 
file created with the 
environment program.

• Reads terrain from DTED 
or a custom file.

• Optional internal data 
output - angles, ranges, 
heights, times, etc
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Atmospheric Propagation Branch (2858)

Automode project

• Used to assess radar, communication, and ESM systems upon platforms
in a batch operation.

• Reads environment from a file created with the environment program.

• Reads terrain from DTED or custom file.



2/28/2007 18

Atmospheric Propagation Branch (2858)

FalconView project
FalconView display

Multiple emitters

Range & bearing
environment data

All normal 
AREPS
displays

Surface-based
duct skip-zone

AREPS toolbar

Import various
Electronic Order

of Battle files

DTED
terrain

Requires FalconView
program be installed.
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Atmospheric Propagation Branch (2858)

Broadcast project
(FY07 effort)

• NTIA/ITS LF/MF model

• Terrain from DTED, SRTM, or user 
created (either external to AREPS or 
using AREPS terrain editor).

• Surface dielectrics from built-in ITU 
climatology

• FalconView background display

1. Given my transmitter location, what 
is my area coverage?

2. Given a target audience location, 
where may I locate my transmitter?

FY07 effort addresses two questions

(picture is conceptional)
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Atmospheric Propagation Branch (2858)

Custom Terrain Editor

• Automatic DTED and SRTM, ASCII text file, or keyboard data entry

• Pre-defined surface characteristics or user defined conductivity, 
permittivity, and scatter effectiveness.

• Selectable “city” drop-down menu for ease of initial location

• FY07 – ITU database for surface dielectrics
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Atmospheric Propagation Branch (2858)

AREPS EM System Database
Radar editor

Target editor

ESM receiver editor

Platform editor
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Atmospheric Propagation Branch (2858)

• Transmitter, receiver, or 
transceiver specification

• 11 built-in pre-defined HF 
antenna patterns, editable by 
operator

• FY07 - User defined 
antenna patterns using  HFAnt 
and VOACAP

AREPS EM System Database

Communication editor
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Atmospheric Propagation Branch (2858)

• AREPS implementation of 
NTIA/ITS HFANT (Greg Hand)

• Build-in Sample.00 to 
Sample.48 antennas

• Antenna pattern created 
from VOACAP method 13

• After initial implementation, 
will add drag/drop capability 
for any antenna file.

• Antenna saved in AREPS 
EM system database for 
assignment to user-defined HF 
radio.

AREPS EM System Database

HF antenna editor
(Currently under development)
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Atmospheric Propagation Branch (2858)

AREPS Environment Creation Program

Starts from the: 

Windows Start Menu

AREPS menu system

AREPS command button
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Atmospheric Propagation Branch (2858)

WMO Input Method

1. Browse to radiosonde sounding
2. Copy sounding to Windows clipboard.
3. Paste into AREPS
4. View and save environment

1

2

3

4
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Atmospheric Propagation Branch (2858)

1.  Select station and month

View monthly statistics View yearly statistics

View profiles

Upper-air Climatology – 921 stations worldwide
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Atmospheric Propagation Branch (2858)

Surface Climatology Method

1. Select Marsden square

2.  Select month & data type View yearly statistics

View evaporation duct profile
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Atmospheric Propagation Branch (2858)

METCAST Import Method
METCAST is a request-reply subscription 
system for weather and oceanographic 
information over the Internet

Requires DoD 
Public Key 
Infrastructure 
(PKI) certificate 
and a Common 
Access Card

1. Schedule data 
delivery via
METCAST

2. Select station
from AREPS
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Atmospheric Propagation Branch (2858)

Custom Column Import Method
Used to import an upper-air observation where the data are arranged in columns

Example using 
University of Wyoming

1.  Locate your data 
source. 
http://weather.uwyo.edu/u 
pperair/sounding.html

2.  Select the desired 
world region, time, and 
text list for type of plot.

3.  Click on desired 
observation station, for 
example 47158 RKJJ 
Kwangju Air Base
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Atmospheric Propagation Branch (2858)

Custom Column Import Method
Continued example using University of Wyoming

4.  Clicking and dragging 
mouse, highlight desired data 
and select “Copy” from the 
right mouse click menu.  It is 
only necessary to highlight 
the data to the height of your 
tactical application.

5.  Note the column 
definitions.  In this example, 
column 1 is pressure (hPa), 
column 3 is air temperature 
(°C), and column 5 is relative 
humidity (%).

6.  Note the height of the first 
pressure level.  In this 
example, it is 13 meters.
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Atmospheric Propagation Branch (2858)

7.  Open the AREPS 
environment program and click 
on the Custom Column quick 
action button.

8.  Click into the input box and 
“Paste” the contents of the 
clipboard using the Edit menu, 
the toolbar button, or the 
mouse right-click popup menu.

9.  Enter the height of the first 
pressure level into the station 
elevation box.  Make sure the 
units are correct. (Right click 
the station elevation label to 
change units)

10.  Click the “Parse data” 
button.

Custom Column Import Method
Continued example using University of Wyoming
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Atmospheric Propagation Branch (2858)

11.  For each column of 
data recorded earlier, 
right-click on the 
column label and select 
the appropriate unit.  
For example, column 1 
is pressure (hPa).

12.  Insure the task 
defined is “M-unit 
profile from PTH.”

13.  Click the “Do Task” 
button.

Custom Column Import Method
Continued example using University of Wyoming
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Atmospheric Propagation Branch (2858)

14.  You may click on the 
“View Refractive Summary” 
tab to see the resulting 
refractive profile.

15.  Save the profile with 
any name you wish.

The profile will now be 
selectable from your 
project’s environment 
dropdown menu.

Custom Column Import Method
Continued example using University of Wyoming
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Atmospheric Propagation Branch (2858)

Previously Obtained NWP 
Model Data File Method

Requires DoD 
Public Key 
Infrastructure 
(PKI) certificate

Data also available 
from Defense 
Threat Reduction 
Agency

https://www.fnmoc.navy.mil/PUBLIC/index.html
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Atmospheric Propagation Branch (2858)

Common 
Operating 

Picture

Various AREPS implementations

GCCS-M / GCCS-J NITES

Personal -PC

FalconView

Composable ForceNet
(Current Installs)

• CTF-74

• CTF-72

• CTF-72.2

• USS Blue Ridge

• USS Ronald Regan

• USS Kitty Hawk

Ship Air Defense Model

Homeland Defense

Coast Guard Multi-sensor 
Performance Prediction (MSPP) 
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Atmospheric Propagation Branch (2858)

Summary
1. SSC San Diego, Atmosphere Propagation Branch has over 60 years of 

expertise in propagation modeling, environmental data assimilation, and 
C4I decision aids.

2. APM is the only Navy accredited EM (100 MHz – 57 GHz) propagation 
model (N096/N61 accreditation Ser N962 / 3U561120 - Oct 03)

3. APM and AREPS are elements of the Defense Modeling and Simulation 
Office (DMSO) library

4. AREPS is a CNO approved application within the  Department of the Navy 
Chief Information Officer DON Applications & Database Management 
System (DADMS)

5. AREPS is NMCI certified

6. AREPS is NATO approved, Military Committee Meteorological Group/WG 
- Battle Area Meteorological Systems and Support plus with Partners

When can we meet again to discuss 
your needs in greater detail?

wayne.patterson@navy.mil (619) 553-1423
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Atmospheric Propagation Branch (2858)

Commercial 
(619) 553-1423

DSN 
553-1423

Facsimile 
(619) 553-1417

E–mail AREPS 
areps@spawar.navy.mil

areps@spawar.navy.smil.mil

Public Internet  - http://sunspot.spawar.navy.mil

How to Contact Us
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